The negative effects of fossil fuels have forced many countries to explore clean energy sources that are both environmentally more suitable and renewable. In this study, wind characteristics and assessment of wind energy potential, were analyzed using the wind speed data measured during the period 1995-2001 at 10 m height of Al-Mokha, located in the west of Taiz, in the southwest of Yemen, subjected to 2-parameter Weibull analysis. Based on these data, it was found that the monthly mean wind speed ranged from 3.50 m/s in June to 7.94 m/s in November, the monthly values of Weibull shape parameter (k), ranged from 3.09 to 6.26, while the value of scale parameter (c) ranged from 3.91 to 8.63 m/s and the monthly wind power density ranged from 33.08 to 352.43 W/m 2 . The seasonal mean wind speed data ranged from 3.61 to 7.56 m/s, while the wind power density was ranged from 36.62 to 328.59 W/m 2 for summer and winter, respectively.
Introduction
Increasing negative effects of fossil fuels combustion on the environment in addition to its limited stock have forced many countries to explore and change to environmentally friendly alternatives that are renewable to sustain the increasing energy demand. Wind energy is an alternative clean energy source compared to fossil fuel, which pollutes the lower layer of the atmosphere. The use of wind energy can significantly reduce the combustion of fossil fuel and the consequent emission of carbon dioxide, a principal cause of the enhanced greenhouse effect [1, 2] . Renewable energy has an increasing role in achieving the goals of sustainable development, energy security and environmental protection. Nowadays, it has been recognized as one of the most promising clean energy over the world because of its falling cost, while other renewable energy technologies are becoming more expensive [3] . Wind represents a promising renewable energy source that can meet energy demand in the direct, grid connected modes, as well in standalone and remote applications [4] . The application of wind energy in electric power systems is growing rapidly due to enhanced public concerns to adverse environmental impacts and escalation in energy costs associated with the use of conventional energy sources [4] .
Wind has proved to be one of the most successful of all available sources of renewable energy offering relatively high capacities, with generation costs that are becoming competitive with conventional energy sources [5] .
Currently, the wind energy is one of the fastest developing renewable energy source technologies across the globe. It has the advantage of being suitable to be used locally in rural and remote areas. Particularly, with a view on the rapid advancement of wind energy conversion technologies (WECTs) efficiency and falling purchasing prices over the past decade; further such improvements are widely anticipated [6,7].
The last decade was characterized by rough development of wind power engineering all over the world [8] . Wind energy systems have made a significant contribution to daily life in some developing countries. Wind power generation has known a remarkably rapid growth in the past 20 years, and now it is a mature, reliable and efficient technology for electricity production [9] . Since 1996, global wind power capacity has continued to grow at an annual cumulative rate close to 40%. Over the past decade, installations have roughly doubled every two and a half years. In the year 2010, the wind capacity reached worldwide 196,630 Megawatt, after 159,050 MW in 2009, Europe, with European Union countries accounting for 9295 MW of the total [10, 11] .
However, wind energy systems suffer from a major drawback since the wind resource is intermittent, hence, is not available all of the time to make turbines run continuously [12] . Therefore, wind energy systems are considered as energy-replacement rather than capacity-replacement resources. The amount of energy that can be supplied by one or more sites depends on the wind resource available, the type of wind turbines used, and the nature of the load being supplied. For these reasons, it is fundamental to study the reliability of these generation systems and to assess the effects that they will have on the entire system and on its reliability [13] .
The renewable energy resources include solar, wind, geothermal and bio-energy. All these renewable energy resources are abundant in Yemen. If these resources are well established, they can provide complete security of energy supply. Yemen has to make use of its renewable resources, such as solar, wind and geothermal energy, not only to meet increasing demand, but also for environmental reasons. Average annual wind speeds measured at 10 m height exceed 8 m/s at most of the coastal sites. There is good potential for wind energy at sites on the coastal strip, in addition to the offshore area. There is also a great wind energy on Yemeni islands and inland hills and mountains [14, 15] .
Some studies have reported that the wind speed is relatively large at high altitudes and coastal areas [16] . Yemen has a unique geographic location. It has a long coastline and plenty of high altitudes. Due to all these characteristics, Yemen is a perfect place for generating energy from the wind. Energy that can be captured by wind mills is highly dependent on the local average wind speed. Regions that normally present the most attractive potential are located near coasts, island areas with open terrain or on the edge of water bodies.
Geographic Nature of Yemen has helped to generate daily wind with reasonable duration and speed. The well known phenomena of local wind patterns are clearly realized in Yemen Sea Breezes and Mountain-Valley wind which are potential areas to develop wind energy. Further study for wind availability and daily wind speed is required to precisely assist wind generation economics [15, 17] .
Study Area
Yemen, is a country located in the Middle East, in the southern part of the Arabian Peninsula between 13N -16N latitude and 43.2 -53.2 longitude at the south west of Asia [17, 18] . It is bordered by Saudi Arabia to the north, the Red Sea to the west, Oman to the east and by Indian Ocean (Arab Sea) from the south. Yemen has a land area of 555,000 square kilometers and a population of approximately 24 million as reported in 2010 [19] . The country consists of three major zones: coastal, rugged foothills and Mountains.
Yemen has a long coastal strip of over 2500 kms with a width of 30 -60 kms along the Red Sea, Gulf of Aden, and the Arabian Sea. Al-Mokha is one of the Yemen cities, it is a port city on the Red Sea coast, which is located in 94 Km to the west of Taiz, south west of Yemen. The geographical location Al-Mokha is shown in Figure 1 .
The climate in Yemen is various and depends on the different altitudes of the regions. There are no distinctive limits between the seasons. Generally there are two main seasons; summer and winter. During summer the climate is hot with high humidity dominating in the coastal area. In winter the climate in the coastal area is relatively moderate [20] .
Yemen Public Electricity Corporation (PEC), is responsible for electricity generation, transmission and distribution through several grids. The government-run power company, (PEC), currently produces and distributes roughly 1000 MegaWatts from a handful of steam and diesel plants, a network of smaller plants, and rented generators. Its current production falls 200 MegaWatts short of the national grid's 1200 MegaWatts demand. The proportion of the population of beneficiaries of electric power (via the Public Electricity Corporation) is approximately 49% [21], this condition is a good indicator to propose wind farms combined with PV system or connected to the grid. For the last five years, the Ministry of Electricity (ME) has shown significant interest to use renewable energy sources for rural electrification. This can be seen from projects and cooperation agreements done for that period.
Materials and Methods
In this study the wind speed data have been collected during seven years (1995-2001) for investigated location Copyright © 2012 SciRes. EPE from the Yemen Meteorological department. Continuous 3 h daily readings over the period considered were used and subjected to various statistical analyses. The data were recorded continuously using cup-generator anemometer at a height of 10 m and presented graphically in Figure 2 .
The figure gives the monthly mean wind speed of the location for the seven years.
Probability Density Functions
The computation of the wind speed probability distribution functions (PDFs) constitutes the first fundamental step to assess the wind energy potential, since it can effectively determine the performance of wind energy systems for a given location and time [22] . Several PDF have been proposed in the literature to represent the frequencies of the wind speed [3, 22] . However, the Weibull Probability Density Function with its two characteristic parameters (c scale parameter and k shape parameter) has been found to be the accurate and adequate in analyzing and interpreting the wind speed distribution and estimate wind energy potential. The general form of the Weibull PDF [23] is given by:
where f v k c is the probability of observing wind speed v, k is the dimensionless Weibull shape parameter, and c is the Weibull scale parameter (in units of speed) [24] . Higher values of k indicate sharper peaked curves while lower k means more flat or more evenly distributed speeds.
The corresponding cumulative probability function of the Weibull distribution [25] is given by the equation: where F(v) is the cumulative distribution function of observing wind speed v.
The two parameters of Weibull PDF, k and c can be related to the mean wind speed v m and standard deviation σ by [26] :
The mean value of the wind speed v m and standard deviation σ for the Weibull distribution as defined in terms of the Weibull parameters k and c are given as [27] [28] [29] :
where Γ is the gamma function (standard formula) and using the Stirling approximation the gamma function of (x) can be given as follows:
Wind Power Density Function
It is well known that the power of the wind that flows at speed (v) through a blade sweep area A, increases as the cube of its velocity is given by [30, 31] .
where ρ is the mean air density (1.225 kg/m 3 at average atmospheric pressure at sea level and at 15˚C), which depends on altitude, air pressure, and temperature. Wind power density, expressed in Watt per square meter (W/m 2 ), takes into account the frequency distribution of the wind speed and dependence of wind power on air density and the cube of the wind speed. Therefore, wind power density is generally considered as a better indicator of the wind energy resource than wind speed.
In order to evaluate available wind resource at the location, it is required to calculate the wind power density. It shows how much energy is available at the location for conversion to electricity by a wind turbine. The expected monthly or annual wind power density per unit area of the location based on a Weibull probability density function can be expressed as following [2, 31, 32] :
Wind Energy Density
seen from this figure, the mean wind speed varies between 3.5 and 7.94 m/s. The maximum value of the mean wind speed is found in the month of November while the minimum value is found in the month of June.
The wind energy density for a desired duration, T, can be calculated as: Table 2 shows the seasonal mean wind speeds for the investigated location calculated for seven years period (1995) (1996) (1997) (1998) (1999) (2000) (2001) . It is observed that the maximum value of the mean wind speed is about 7.56 m/s, it was in winter season, while the minimum value is about 3.61 m/s it was in summer season. The Seasonal mean wind speed of Al-Mokha is presented in Figure 3 .
This equation can be used to calculate the available wind energy for any defined period of time when the wind speed frequency distributions are for a different period of time.
Results and Discussion
In this study, wind speed data of Al-Mokha, Yemen, over the seven years period from 1995 to 2001 were analyzed. The calculations were made to obtain the Weibull distribution parameters in terms of k and c, mean wind speed and measured and predicted mean wind power. The main results obtained from the present study can be summarized as follows:
Probability Density and Cumulative Distributions
The monthly probability density and cumulative distributions derived from the wind speed data of Al-Mokha, the results are presented in Figures 4 and 5 , respectively. It is seen from the figures that all the curves have a similar tendency of wind speeds for the cumulative density and probability density. The Weibull parameters for the available data are calculated using Equations (3) and (4), the results are presented in Table 1 . The results showed that the parameters are distinctive for different months of the period (1995) (1996) (1997) (1998) (1999) (2000) (2001) . This means that the monthly wind speed distribution differs over a whole period. The monthly values of c range from 3.91 to 8.63 m/s. The mi-
Mean Wind Speed
The monthly variation of the mean monthly wind speed measurements were carried out at 10 m above the ground level. Monthly mean speed, Weibull parameters k and c, standard deviation and monthly wind power density are listed in Table 1 . The monthly mean wind speeds for the investigated location are shown in Figure 2 . As can be nimum value of c is found in June and August, but the maximum value is found in both November and December, while the values of k range from 3.06 to 6.26. The minimum value of k is found in June, but the maximum value is found in March. Hence, with regards to the Weibull shape parameter k for the location, wind speed is most uniform in March while it is least uniform in June. The peak of the density function frequencies of the location skewed towards the higher values of the mean wind speed, which also indicate the most frequent velocity.
The seasonal probability density and cumulative distributions obtained from Weibull probability density functions for the investigated location are shown in Figures 6  and 7 , respectively. The seasonal wind characteristics in Al-Mokha are given in Table 2 . As seen from this table, the highest mean wind speed value with 7.56 m/s is determined in the winter season, while the lowest value is noticed in the summer season with 3.61 m/s. The Weibull shape parameter k varies between 3.65 and 4.32. While the scale parameter c varies between 4.00 to 8.36 m/s. The maximum c value is found in the winter season and the minimum value is seen in the summer season.
Wind Power Density
The monthly power densities calculated from the measured probability density distributions and those obtained from the Weibull distributions are shown in Figure 8 . The monthly variation of the mean power density for the location shows the dramatic monthly changes in the wind power density. It is clear that the maximum value 352.43 W/m 2 in December, while the minimum value 33.08 W/m 2 occurred in August. The obtained results are reported in details in Table 1 . In addition, the seasonal variation of the mean wind power density for the investigation location is presented in Figure 9 , and is also summarized in Table 2 . It is observed that the highest value of the mean wind power Density is 328.59 W/m 2 is observed in winter season while the lowest value 36.62 W/m 2 is found in the summer season. The seasonal wind power energy density was evaluated, by "Equation (10)" and shown in Table 2 . It is clear that the highest value of wind power energy 709.75 kWh/m 2 /Season is observed in winter while, the lowest value 79.1 kWh/m 2 /Season is found in summer.
Conclusions
In this study, the wind speed data in the period from 1995 to 2001 for Al-Mokha is located to the west of Taiz in southwest Yemen, were statistically analyzed. The probability density distributions were derived and the distributional parameters were identified. The wind energy potential of the location has been studied based on the Weibull model. The most important outcomes of the study can be concluded as follows: 1) The monthly and seasonal wind data analysis has been carried out to investigate the wind characteristics of Al-Mokha, such as the monthly and seasonal wind speed, probability density distributions, cumulative distributions and power density distributions in order to provide information of wind resources, and further assessment of the monthly and seasonal wind energy available in the location.
2) The monthly value of Weibull parameters k and c in the site varies between 3.09 and 6.26, 3.91 and 8.63 m/s, respectively.
3) The highest monthly mean power density of 352.43 W/m 2 is calculated in December, while the lowest is found in the months of summer with the minimum value of 33.08 W/m 2 in August and the highest seasonal mean power density is obtained as 328.59 W/m 2 in the winter, while the lowest value is calculated as 36.62 W/m 2 in the summer for the location.
4) The current study presents an investigated study of estimation wind energy potential in Al-Mokha as a representation region the Red Sea coast of Yemen. The results indicate that the investigated location has a good wind energy potential for the utilization. 5) This study may provide information for developing wind energy in Al-Mokha, Red Sea coast of Yemen and for planning economical wind turbines capacity for the electricity production in the region.
